The recent pandemic by novel influenza A (H1N1) 2009 (pH1N1) virus is an emerging viral infection, being of significant international concern and requires intensive research. The virus spread in pandemic proportions, and continues to be in the post-pandemic phase. Since, the pH1N1 is still circulating in the community, monitoring is required during the post-pandemic period. The pH1N1 defied influenza seasonality and rapidly became dominant over the seasonal influenza viruses. This new strain was antigenically different from the seasonal H1N1 influenza strains due to the genetic re-assortment. Surprisingly, this new reassortant virus emerged at the end of influenza season, caused a sudden toll of mild illness and is now co-circulating with the seasonal strains. The recent outbreak of pH1N1 consolidates the fact that a new reassortant virus may have originated in animal reservoirs and got transferred to human who were in close contact with these animals. There is a continued need for multisite surveillance to detect potentially dangerous influenza strains, which may emerge and establish themselves in human population. This review is an attempt to address the lessons learnt from the recent influenza pandemic and the future implications for prevention and control of influenza.
Introduction
Acute respiratory illness due to influenza viruses are the major causes of morbidity and mortality in early childhood worldwide. The aggregate numbers of respiratory infections caused by the viruses far exceed the cases accounted by other pathogens in total. Among the respiratory viruses infecting the humans, influenza virus, belonging to the family Orthomyxoviridae, can be regarded as the main pathogen which can manifest variously: coryza, rhinitis and other asymptomatic infections of the upper respiratory tract, to fulminate life-threatening conditions, such as pneumonia and acute respiratory failure. Influenza virus has a unique ability to mutate and alter its genetic machinery, rendering itself safe from the pre-existing immunity among humans against the previously circulating strains.
The history has witnessed the dreadful face of influenza virus as cause of pandemics and epidemics, which affects the immunocompromised subjects [1, 20, 23] more than the normal population. A pandemic may occur as a result of antigenic shift and genetic reassortment, in which two different influenza A viruses co-infects the same host cell and new virions are released that contain gene segments from both parental strains [8, 19] . The year 1997 documented the emergence of avian influenza virus H5N1 in human population. This was a reassortant of H5 gene from Guangdong virus and other genes from H9N2 and H6N1 viruses circulating in quail [13] . Since the year 2003, H5N1 virus has been isolated almost every year marking its ability to mutate rapidly and producing a new strain for which the population is not immunized [17] . In nearly less than a decade, mankind has suffered tremendously from the avian influenza H5N1 spread and the pandemic (H1N1 Epidemiological and virological surveillance will continue to monitor the changing trends in pH1N1 virus; such surveillance will help health authorities to implement outbreak response measures in future [31] . Timely diagnosis and treatment of influenza is of major importance to check the spread of the virus and decrease the complications in high-risk population. There is an urgent need for pandemic influenza preparedness program to control the influenza outbreaks. The awareness of the disease among general population is equally important as early diagnosis and prompt treatment are prerequisites for controlling the spread of the disease. The pandemic preparedness requires an effective public participation, stringent regulatory policies by the government and active and responsible media. The H1N1 (2009) It was observed that pregnant women had a disproportionately high risk of mortality due to pH1N1 virus [30] . In the post pandemic period, younger age groups, including pregnant women, are expected to continue getting affected disproportionately by severe disease from the novel H1N1 virus, including viral pneumonia. An early antiviral treatment appeared to be associated with fewer admissions to an ICU and fewer deaths. The severe outcomes of the recent pH1N1 outbreak in pregnant women necessitate the study of factors that may account for increased morbidity e.g. effect of physiological changes during pregnancy on the pharmacodynamics and pharmacokinetics of antiviral drugs [12] . The patients in the high risk groups need to be cared more and treated at priority as compared to low risk groups to prevent the loss of life.
Rapid Diagnostic Tests can't be Used for Accurate Detection of Novel Influenza Strain
Various direct antigen detection methods can be used for detecting the pH1N1 infection, but all such tests fail to provide acceptably specific and sensitive results [4] . Although various antigen detection kits available in the market can differentiate between seasonal influenza A and B types, they are unable to detect the pH1N1 virus exclusively. Although a rapid diagnostic method may help in early initiation of empirical therapy but treatment, based on clinical conditions, should not be withheld on negative results [32] . The recent pandemic was realization of the fact that rapid tests are not so accurate and there is a need for alternatives to the costly molecular techniques like real-time PCR assays.
Time of Administration of Antiviral Drugs
In any viral illness, the best clinical recovery is achieved by early diagnosis followed by immediate medication. It was observed that if the antiviral therapy was started within 48 h of the onset of signs and symptoms, the clinical cure rates were higher [11] . There is no rationale to hold the treatment waiting for the laboratory report to arrive. The large number of hospital admitted cases revealed that the antiviral drug treatment must begin within 24 h of infection to effectively control the loss of health.
Rational Use of Antiviral Drugs for Prophylaxis
The few reports on H1N1 (2009) virus being resistant to oseltamivir have proved to be a setback to our defence systems against the virus (WHO; 2009). The risk of resistance is deemed higher in certain group of patients (WHO; 2009): (a) those who are immunocompromised and have prolonged illness, (b) those who have received oseltamivir treatment (especially for an extended duration), but still have evidence of persistent viral replication, (c) those who receive oseltamivir for ''post-exposure prophylaxis'' following exposure to another person with influenza, and who then develop illness despite taking oseltamivir.
Resistance to oseltamivir can occur due to a point mutation in any of several regions of the neuraminidase gene of the virus. It was believed that the His274Tyr mutation confered oseltamivir resistance on the currently circulating H1N1 strain [24] . However the recent findings show that His274Tyr attenuates seasonal H1N1 unless there are permissive secondary mutations that maintain adequate surface NA expression. If rapid screening methods be made available to detect the mutation at an earlier stage, clinical failure with antiviral therapy could possibly be averted [26] .
Neuraminidase inhibitors used as antivirals for prophylaxis may induce drug resistance, hence may aggravate the problem in control of the disease. It has been highlighted in the example of neuraminidase inhibitors that improper use of antiviral prophylaxis may further aggravate the problem [7] . Presently, these drugs can be procured only against a medical prescription for a laboratory diagnosed case. The stockpiling of drugs by hospitals is not a wise strategy because it may hinder the access of the drug in case of an outbreak in a remote area (WHO). These stockpiles of required drugs may result in excess use of a secondary antiviral drug which may not be of benefit [35] . Drug resistance may be of major setback because it may lead to transfer of oseltamivir resistant strain from an infected patient to healthy contacts or persistence of resistant genotype in the environment due to selection pressure [3, 15] .
Certain Questions that Need to be Contemplated to Deal with Impending Pandemics
Need for Stringent Hospital Policies Personal protective equipments are very essential to check the spread of the virus among those who are most exposed to the risk of getting the infection. CDC has laid strict guidelines for collection and transportation of specimens from suspected cases and dealing with infected patients. As is the case with any pandemic, there is an urgent need to devise an algorithm based on the early identification of potential source of infected patients, as well as appropriate selection and adequate use of personal protective equipment [27] .
Comparing Deaths from Pandemic and Seasonal Influenza Viruses
Though there is a similarity in signs and symptoms, the pandemic influenza A H1N1 (2009) virus overwhelmed the seasonal influenza virus. It is necessary to report the deaths due to pandemic strains especially in developing countries, where deaths from respiratory diseases, including pneumonia, are common occurrences. According to WHO, 50.7% of subtyped influenza A viruses were 2009 H1N1 as per the global data collected from July 11 to 17, 2010, and reported on July 28. The pH1N1 virus is co-circulating with the seasonal influenza virus and the health authorities need to be more vigilant in countries like India and New Zealand which are still recording significant number of cases infected with pH1N1 virus (WHO-India). Accurate assessments of morbidity and mortality rates will likely be possible only 1-2 years after the pandemic has peaked, and will rely on methods similar to those used to calculate excess mortality during seasonal influenza epidemics.
Reviewing Global Response to Pandemic Influenza A H1N1 (2009) Viruses
The assessment of the global response to the pandemic H1N1 will be conducted by the International Health Regulations Review Committee, a committee of experts with a broad mixture of scientific expertise and practical experience in public health [34] . The International Health Regulations (IHR) is an international legal agreement that is binding on 194 States Parties across the globe, including all of the Member States of WHO. The basic purpose of the IHR is to help the international community prevent and respond to public health risks that have the potential to cross borders and threaten people worldwide. The pandemic influenza A H1N1 (2009) virus is the first public health emergency of international concern to occur since the revised IHR came into force. The IHR played a central role in the global response to the pandemic and so review of the IHR and review of the global handling of the pandemic influenza are closely related. The IHR facilitates coordinated international action by requiring countries to report certain disease outbreaks and public health events to WHO so that global reporting of important public health events is timely and open.
Drug Dynamics and Pharmacokinetics of Oseltamivir in Critically Ill Patients
WHO recommends that hospitalized patients with severe infections (such as those with prolonged infection or who require intensive care unit admission) might require longer treatment courses or higher doses of oseltamivir. The standard dose of oseltamivir in adults is 75 mg twice daily for 5 days for treatment and 75 mg once daily for 10 days for prophylaxis. The recent studies however have refuted the fact that prolonged duration or incremental doses have a role to play in clinical recovery. An increased dosage of oseltamivir for patients with critical illness is unlikely to be required in the treatment of H1N1 (2009) influenza [25] .
Need for Alternative Therapeutic Options
Upto August 2010, 302 oseltamivir resistance pH1N1-2009 influenza viruses have been detected worldwide. The crisis of oseltamivir resistance has necessitated an urgent need to discover additional drugs to combat the infection. A new neuraminidase inhibitor, called peramivir was introduced to be used in oseltamivir resistant cases (CDC). Recent reports on peramivir resistant cases indicate a serious need to develop newer drugs and target other pathways of virus machinery [21] .
During the course of an anti-influenza and cytotoxicity screening program on natural products, it was found that a CHCl 3 extract of Ferula assa-foetida was active against H1N1 influenza virus and various human cancer cell lines [6] . A new pyrazole-based compound BPR1P0034, which acts during viral uncoating or viral RNA import into the nucleus has shown promising results as an antiviral drug [29] . DAS181 is a sialidase fusion protein which in early clinical development with in vitro and in vivo preclinical activity against a variety of seasonal influenza strains and highly pathogenic avian influenza strains (A/H5N1), has also shown satisfactory results with the recent pandemic H1N1 strain [33] .
A broad acting antiviral therapy is the need of the hour because influenza virus can elude immune system through mutation. The protective effect of a human monoclonal antibody termed A06 has been shown against two isolates of the 2009 H1N1 pandemic influenza virus [16] . Such novel therapies may be a useful addendum in our armamentarium against H1N1 (2009) virus.
Virulence Markers in Pandemic Influenza A H1N1 (2009) Virus
It has been documented that certain genes are consistently associated with the pandemic influenza strains. Reverse genetic studies have identified several genes as virulence markers in both 1918 pandemic and H5N1 avian influenza pandemic, which accounted for the high levels of viral replication and strong pro-inflammatory responses [2, 22] . The HA gene, the polymerase complex and non-structural proteins NS1 and PB1-F2 significantly contributed to the virulence of these pandemic strains. Recent studies have shown that PB1-F2 gene, responsible for mediating apoptosis in influenza virus is truncated in the novel pandemic strain [9] . Therefore, PB1-F2 is of questionable significance as a virulence marker in the pandemic influenza A H1N1 (2009) virus [14] . Further studies are necessary to search for the additional factors that may account for the high virulence of the novel virus.
A study of the genetic signatures of H1N1 (2009) virus is essential to reveal information for promoting medical diagnosis, drug-resistance monitoring, clinical and basic research, and vaccine development [5] . Studies have shown that H1N1 (2009) virus was circulating in the environment 3 months prior to the outbreak [28] . If more such studies be planned, the pandemic virus may be recognized at the time of their inception.
Other Factors to Combat a Pandemic Situation

Social Distancing
Social distancing may prove to an effective measure during outbreak situations [10] . It can be enacted in two ways, firstly by cancelling all events like concerts, movies, plays etc. that require gathering of general public and secondly by closing or restricting access to certain buildings, schools, youth clubs and gymnasiums that gather crowd. Further avoiding public transport as far as possible may also help in controlling the spread of the virus. Many people who visit hospitals for illness due to other pathogens may acquire infection with pandemic H1N1.
Eating Habits
Nutritious food has been proved to be an effective means of combating infection. WHO has developed an approach to the integrated management of sick children in which the patient's illness is addressed as a combination of problems including malnutrition, rather than only as a single disease.
Public Awareness
Public should be educated for the modes of transmission of the pandemic virus, their methods of prevention and general etiquettes (like cough etiquettes) by television, newspapers, road side plays and local announcements.
Preparedness Plan for Pandemic Influenza A H1N1 (2009) Virus in India
Through influenza surveillance, India has been continuously monitoring the antigenic changes of seasonal influenza viruses that are circulating in the community. The major research objectives were to detect new and potentially dangerous strains of influenza viruses so that measures can be implemented in the event of a pandemic. Influenza surveillance in India gained momentum soon after the emergence of novel pandemic strain of influenza virus H1N1 in Mexico and USA [18] . Nine surveillance centers, funded by the Center for Disease Control and Prevention, USA and Indian Council for Medical Research, across the country were operational to study the epidemiology and disease burden due to influenza. Scientists from all the regional centers (All India Institute of Medical Sciences, New Delhi; Vallabhbhai Patel Chest Institute, Delhi; National Institute for Cholera and Enteric Diseases, Kolkata; King Institute of Preventive Medicine, Chennai; Regional Medical Research Center, Dibrugarh; Indira Gandhi Medical College, Nagpur; Christian Medical College and Hospitals, Vellore and Haffkine Institute, Mumbai) were trained by referral centre, National Institute of Virology, Pune to cope up with the pandemic situation and the efforts proved to be successful in controlling virus infection, its spread and also prevent chaos in the community.
As of 31st October 2010, 45101 laboratory confirmed positive cases with 2,679 registered deaths due to the pandemic H1N1 has been reported all over the country as per the MOHFW, Govt. of India. Delhi has recorded the maximum number of positive cases while the Maharashtra has maximum number of registered deaths in the country. States like West Bengal, Bihar and Jharkhand, in spite of huge population, have managed well with zero death record due to this pandemic influenza infection. A sudden rise in the number of positive cases has been observed in Kerala in the month of June 2010 probably due to rise in humidity.
The influenza research must be in pace as the H5N1 virus has already become endemic in Asia and in the wake of currently prevailing situation of pandemic H1N1, it might not be an unanticipated scenario if the two deadly viruses swap their genes to further give rise to a lethal virus. The current H1N1 pandemic taught few lessons about how the accurate diagnosis of influenza can lead to quick management of the outbreak. The death rate during the 2009 pandemic was low as compared to the previous pandemics (Table 1 ) since the new strain was not as pathogenic as the previous ones. The currently ongoing multi-site influenza surveillance programs in India may serve as the best precautionary measure for management of any future outbreaks. With well trained staff, various laboratories in India are already equipped with advanced diagnostic facilities.
The pandemic influenza A (H1N1) 2009 is a new chapter in the history of human influenza. It blew out of proportions in such a short duration of time that WHO had to raise its pandemic alert to level 6. This review article will provide an insight to gather additional data about the ever-changing genetic structure of influenza virus and need to target additional genes for antiviral therapy.
